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tions such as a rotating position and speed of a stepping
motor from a rotation signal of a motor without using
any external sensor such as a potentiometer or encoder,
by providing detection coils a and b to the main coils A,
A’, B, and B’ provided at the stator of a stepping motor
2, the terminal voltages E2a and E26 outputted from the
detection coils a and b are sequentially subjected to a
signal processing in a rotation detecting circuit 1. The
rotation detecting circuit 1 is provided with an output
amplifier circuit 3, a signal processing circuit 4, a sub-
tractive calculation circuit § for removing unnecessary
voltage components by utilizing voltages ESA, ESBA’,
ES8B, and E8B’ output from a charge/discharge circuit
8, a waveform shaping circuit 6 for converting the
waveform of each input signal into waveforms process-
able in a digital form, a diagnosing circuit 7 for diagnos-
ing whether the motor is rotating normally, and a con-
trol circuit 9’ for controlling the motor in conformity
with an output of the diagnosing circuit 7, whereby a
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1
DRIVE UNIT FOR DRIVING A STEPPING MOTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a stepping motor
drive unit for diagnosing whether a stepping motor is
rotating normally through detection of rotating condi-
tions such as the rotating position and speed of the
- stepping motor, thereby correcting any error condition
into a normal condition when an abnormal or error
condition of the stepping motor is detected.

2. Description of the Prior Art

In recent years, there has been a rapid growth in
using stepping motors both in the industrial and general
consumer fields. A large number of stepping motors
provided with rotation detecting means have been used
for detecting error conditions such as step-out of the
motors, and when abnormal or error conditions of the
stepping motors are detected, the error conditions can

be corrected into normal conditions.
The following describes a drive unit belongmg to a
conventional stepping motor having a rotation detect-

ing function.

FIG. 12 (a) shows a block diagram of a rotation de-
tecting unit using a potentiometer adopted as a conven-
tional rotation detecting sensor and FIG. 12 () shows
an example of the output of the potentiometer. The unit
in FIG. 12 (a) includes a stepping motor 2, a rotor 2R
for the stepping motor 2, and main coils A, A’and B, B’
provided at the stator of the stepping motor 2. A poten-
tiometer 12 is mechanically connected to the stepping
motor 2 via a joint 11. The unit further includes a power
source 10 and a drive circuii 9 for the stepping motor 2,
both the power source 10 and the drive circuit 9 being
connected to the main coils A, A’ and B, B’ of the stator.
The potentiometer 12 has an output terminal 12’ yield-
ing an output voltage E12 which is applied to a control
circuit 9’ built in the drive circuit 9.

The following describes the operation of the drive
unit of the conventional stepping motor using the out-
put of the potentiometer.

In FIG. 12 (a), firstly each of the main coﬂs A, A', B,
and B’ is excited according to the phase relation as
shown in FIG. 2 to thereby rotate the rotor 2R of the

stepping motor 2. With the rotation of the rotor 2R, the

joint 11 rotates, and the output voltage E12 at the out-
put terminal 12' of the potentiometer 12 changes ac-
cording to the rotation angle of the joint 11. FIG. 12 (b)
shows an example of the output voltage E12 of the
potentiometer 12.

Upon detecting the output voltage E12 of the potenti-
ometer 12 by the control circuit 9, it is judged whether
the stepping motor 2 is rotating normally, with which
operation any error condition can be corrected.

There has been proposed another conventional
method of carrying out a rotation detecting operation
by utilizing a terminal voltage of the stepping motor
(which means a voltage induced between the terminal
of the motor and the ground) in the same manner as the
present invention. The above-mentioned conventional
method employs a transformer provided outside the
motor and one winding of the transformer is connected
to one phase line of the main coils of the motor to utilize
the voltage induced in the secondary winding of the
transformer.

However, in the conventional construction men-
tioned above, there must be provided outside the motor
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a separate sensor such as a potentiometer or an external
component having a comparatively large current ca-
pacity such as a transformer. Particularly when a sensor
is used, a connection with the motor or a load is neces-
sary, and the connection exerts an influence to make the
sensor have a hysteresis characteristic to result in deteri-
orating the accuracy in position. Furthermore, the sen-
sor problematically has a serious limitation regarding
the anti-environmental property thereof. Use of an ex-

ternal component having a large capacity leads to no
merit in cost, and furthermore a certain consider=tion
must be taken for the inherent electric constant of the

external component to result in difficulty in mass pro-
duction.

SUMMARY OF THE INVENTION

Accordingly, an essential object of the present inven-
tion is to provide a drive unit for a stepping motor, the
drive unit obtaining a signal representative of the rota-
tion of the rotor from a voltage induced in a main coil

- of the stepping motor and diagnosing the rotation con-

dition of the motor by the signal to correct any error
condition without use of a separate external sensor nor
component having a large capacity as in the conven-
tional unit.

In order to achieve the above-mentioned object, a
stepping motor drive unit in accordance with the pres-
ent invention comprises: a main coil provided at a stator
of a stepping motor; a rotation detecting coil; a charge/-
discharge circuit, a subtractive calculation circuit for
subtracting an output of the charge/discharge circuit
from an output of the rotation detecting coil; an output
amplifier circuit for amplifying the output of at least one
phase line of the charge/discharge circuit, a signal pro-
cessing circuit for processing the output signal of any
one of the subtractive calculation circuit, the rotation
detecting coil, and the charge/discharge circuit; a
waveform shaping circuit for shaping the output wave-
form of the signal processing circuit; a diagnosing cir-
cuit for diagnosing whether the motor is rotating nor-
mally by detecting the output of the waveform shaping
circuit; and a control circuit for controlling the motor
according to the output of the diagnosing circuit. Fur-
ther by providing an application voltage subtractive
calculation circuit for subtraction of the voltage applied
to the main coil of the stepping motor, the rotation
detecting coil can be eliminated.

With the above-mentioned construction, a terminal
voltage yielded at the main coil of the stepping motor is
detected by means of the main coil or a rotation detect-
ing coil, and the terminal voltage is amplified by an
amplifier, processed by a signal processor, calculated by
a subtractive calculation circuit, shaped by a waveform
shaping circuit, diagnosed by a diagnosing circuit, and
controlled by a control circuit thereby to discriminate
whether the rotation of the stepping motor is normal or

. abnormal, correcting any error condition.

65

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the present
invention will become apparent from the following
description taken in conjunction with the preferred
embodiment thereof with reference to the accompany-
ing drawings, in which:

FIG. 1 is a block diagram of a rotation detecting unit
of a stepping motor in accordance with a first embodi-
ment of the present invention;
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FIG. 2 1s a timing chart of the excitation timing of the
main coils A, A’, B, and B’ of the stepping motor in
accordance with the first and second embodiments of
the present invention;

FIG. 3 (a) is a chart of output waveforms E2a and
E2b respectively of the detection coils a and b in accor-
dance with the first embodiment of the present inven-
tion;

FIG 3 (b) is a chart of output waveforms E3a and
E3b of an output amplifier circuit 3 in accordance with
the first embodiment of the present invention;

FIG. 3 (c) is a chart of output waveforms E4aq and
EA4)b of a signal processing circuit 4 in accordance with
the first embodiment of the present invention;

FIG. 4 (a) is a chart of output waveforms ESA, ESA’,
ES8B, and E8B’ of a charge/discharge circuit 8 in accor-
dance with the first embodiment of the present inven-
tion;

FIG 4 (b) is a chart of output waveforms ESA, ESA’,
ESB, and ESB’ of a subtractive calculation circuit 5 in
accordance with the first embodiment of the present
invention;

FIG. 5 (@) is a chart of output waveforms ES6A,
ES6A’, ES6B, and ES6B’ of a comparator provided in
the waveform shaping circuit 6 in accordance with the
first and second embodiments of the present invention;

FIG. § (b) 1s a chart of output waveforms E6A and
E6B of the waveform shaping circuit 6 in accordance
with the first and second embodiments of the present
invention;

FIG. § (¢) 1s a block diagram of the waveform shap-
ing circutt 6 in accordance with the first and second
embodiments of the present invention;

FIG. 6 (a) 1s'a chart of output waveforms E6a and
E6b of the waveform shaping circuit 6 and output
waveforms E7ag and E7b of a diagnosing circuit 7 ob-
served when the motor is normally rotating forward in
accordance with the first and second embodiments of
the present invention;

FIG. 6 (b) 1s a chart of output waveforms E6a and
E6b of the waveform shaping circuit 6 and output
waveforms E7a and E7b of the diagnosing circuit 7
observed when the motor is normally rotating reverse
in accordance with the first and second embodiments of
the present invention;

FIG. 6 (¢) is a chart of output waveforms E6a and
E6b of the waveform shaping circuit 6 and output
waveforms E7a and E7b of the diagnosing circuit 7
observed when the motor is in an error condition;

FIG. 6 (d) 1s a chart of other output waveforms

E6a and E6b of the waveform shaping circuit 6 and
other output waveforms E7a and E7b of the diagnosing
circuit 7 observed when the motor is in an error condi-
tion;

FIG. 7 (a) 1s a table showing relations between the
inputs and outputs of the diagnosing circuit 7 in accor-
dance with the first and second embodiments of the
present invention;

FIG.7(b)isa block diagram of the diagnosing circuit

7 1in accordance with the first and second embodiments

of the present invention;

FIG. 8 1s a block diagram of a rotation detecting unit
of the stepping motor in accordance with the second
embodiment of the present invention;

FIG. 9 (@) 1s a chart of output waveforms EA, EA/,
EB, and EB’ of the main coils A, A’, B, and B’ in accor-
dance with the second embodiment of the present in-
vention;
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FI1G. 9 (b) is a chart of waveforms VA, VA’, VB, and
VB' of the application voltage components in accor-
dance with the second embodiment of the present in-
vention;

FIG. 9 (c) is a chart of output waveforms E13A,
E13A’, E13B, and E13B’ of an application voltage com-
ponent subtractive calculation circuit 13 in accordance
with the second embodiment of the present invention;

FIG. 10 (a) is a chart of output waveforms E13A,
E13A’, E13B, and E13B’ of the application voltage
component subtractive calculation circuit 13 in arcor-
dance with the second embodiment of the present in-
vention;

F1G. 10 (b) 1s a chart of output waveforms E3a, E3),
E3a’, and E3b’ of the output amplifier circuit 3 in accor-
dance with the second embodiment of the present in-
vention;

FIG. 10 (¢) is a chart of output waveforms E4q, E4),
E4d’, and E4b’ of the signal processing circuit 4 in ac-
cordance with the second embodiment of the present
invention;

FIG. 11 (@) is a chart of output waveforms ES8A,
EBA’, E8B, and E8B’ of the charge/discharge circuit 8
in accordance with the second embodiment of the pres-
ent invention;

FIG. 11 (b) is a chart of output waveforms ESA,
ESA’', ESB, and ESB’ of the subtractive calculation
circuit § in accordance with the second embodiment of
the present invention;

FI1G. 12 (a) is a block diagram of the rotation detect-
ing unit of a conventional stepping motor; and :

FI1G. 12 (b) 1s a graph showing an example of the
output E12 of the potentiometer in FIG. 12 (a).

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

The following describes a first embodiment of the
present invention with reference to the drawings.

FI1G. 1 shows a drive unit of a stepping motor in
accordance with the present invention.

In FIG. 1, a rotation detecting circuit 1 comprises an
output amplifier circuit 3, a signal processing circuit 4,
a subtractive calculation circuit §, a waveform shaping
circuit 6, and a diagnosing circuit 7. There are provided
detection coils a and b as a detection means for detect-
ing terminal voltages yielded in main coils A, A’, B, and
B’ provided at the stator of the stepping motor 2 other
than the main coils A, A’, B, and B'. It is noted that the
detection coils a and b are magnetically combined re-
spectively with the main coils A and B. Output signals
yielded from the detection coils a and b are processed
by way of the output amplifier circuit 3, the signal pro-
cessing circuit 4, the subtractive calculation circuit S,
the waveform shaping circuit 6, and the diagnosing
circuit 7. Further provided are a charge/discharge cir-
cuit 8, a drive circuit 9, a power source 10, and a control
circuit 9’ built in the drive circuit 9.

The following describes the operations of the drive
unit of the stepping motor constructed as mentioned
above with reference to FIGS. 1 through 6.

In FIG. 1, firstly the main coils A, A', B, and B’ are
sequentially excited according to the phase relation as
shown in FIG. 2 to thereby rotate the rotor 2R of the
stepping motor 2 in FIG. 1. When the rotor 2R rotates,
there are yielded terminal voltages E2a and E2b in the
stepping motor 2, which are then outputted from the
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detection coils a and b in signal forms. The terminal
voltages E2a and E2b have signal waveforms as exem-
plified in FIG. 3 (@). The signal waveforms of the termi-
nal voltages E24 and E2b contain induction compo-
nents attributed to the rotor 2R of the stepping motor 2
in FIG. 1 and induction components attributed to cur-
rents flowing through the main coils A, A’, B, and B'.
Therefore, by removing the induction components of
the currents flowing through the main coils A, A’, B,
and B therefrom, only the induction components of the
rotor 2R of the stepping motor 2 remain. In the present
case, merely by subjecting the induction components of
the rotor 2R to a signal processmg, a rotation signal of
the motor can be obtained.

The following describes a method of obtaining the !
rotation signal of the motor.

Firstly, as described above, the terminal voltages E2q
and E2) yielded respectively in the detection coils a and
b shown in FIG. 1 consists of induction components
attributed to the rotor 2R of the stepping motor 2 and

other induction components attributed to currents flow-
ing through the main coils A, A’, B, and B. Therefore,

10

20

it is firstly necessary to remove the induction compo- '

nents attributed to the currents flowing through the
main coils A, A, B, and B’. Postulating now that the
currents flowing through the main coils A, A’, B, and B
are respectively 1A, iA’, iB, and iB’ and induction com-
ponents of the terminal voltages attributed to the cur-
rents 1A, 1A', 1B, and 1B’ are respectively EA, EA’, EB,
and EB’, the following equations 1 hold.

dui

EA = K, 24 iz [Equations 1]

BA = K2
EB = K3£‘L-£—

EB = K4-%—fj—

where K1 through K4 are constants, and

did diA’
dt ' dt

diB_
' df ’

diB’

ang se——

dt

are rate of change in time of currents iA, iA’, iB, and iB’.

‘Therefore, by forming induction components as same
as the induction components EA, EA’, EB, and EB’ in
some manner and subtracting the formed induction
components from the terminal voltages E2a and E2b

yielded in the aforesaid detection coils a and b, only the

objective induction components attributed to the rotor
2R can be obtained. In the present case, the induction
components EA, EA’, EB, and EB’ caused by the cur-
rents flowing through the main coils A, A’, B, and B’
are removed by means of the charge/discharge circuit 8
in FIG. 1. In the charge/discharge circuit 8 in FIG. 1,
the peak values of the voltage waveforms induced by
the currents iA, iA’, 1B, and iB’ flowing through the
main coils A, A’, B, and B’ are momentarily held ac-
cording to the excitation timing in FIG. 2 and then
discharged to form waveforms E8A, E8A’, E8B, and
ESB’ of which waveforms correspond to those of the
induction components caused by the currents 1A, iA/,
iB, and 1B’ flowing through the main coils A, A’, B, and
B’ to be therefore utilized to remove the above-men-

25

6

tioned induction components. In other words, the fol-
lowing equations are applied to the unit in FIG. 1.

. did

E84 = k-S4 L {Equations 2]

where K; through K4 are constants, and are rate of
change in time of currents 1A, iA’, iB, and

E8A" = K¢ %

E3B = Ko S8 d:B

E8B = Kg "f
diA_ di4’ diB_ and diB’
dtr ' dr ' di ° dr

1B’
Therefore, by selecting the appropriate constants K1

through K8 from the [Equations 1] and [Equations 2},

the induction components EA, EA’, EB, and EB’
caused by the currents iA, 1A', iB, and iB’' flowing
through the main coils A, A', B, and B’ can be removed
by means of the charge/discharge circuit 8 in FIG. 1. In

- more detail, postulating now that the constants K1
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through K8 have the relations of K1=K5, K2=KS§,
K3=K?7, and K4=KS8 in the [Equations 1] and [Equa-

tions 2], the following equations hold.

{Equations 3]

EA ~— E8A = {0

EA' — E34" =0

EB — E8B =0

EB — ERB =0 -
where K1=K5, K2=K6, K3=K7, and K4=XKS8 in the

[Equations 1] and [Equations 2].

Then the following describes a method of selecting
the appropriate constants in the [Equations 1] and
[Equations 2].

Note that the constants in the [Equations 1] and
[Equations 2] have dispersions depending on the motor
and the constants of the charge/discharge circuit 8 in
FIG. 1 have dispersions as well as that a consideration
must be taken for the possible entrance of a signal other
than the fundamental signals, e.g., a noise signal.

In order to absorb the dispersions of the stepping
motor 2 and the charge/discharge circuit 8 in FIG. 1,
the voltage levels of the induction components E2a and
E2) from the detection coils a and b are adjusted in the
output amplifier circuit 3 to be respectively E3g and
E3b, and thereafter further changed respectively into
signals E4a and E4b through removal of noise compo-
nents, etc. by means of, for example, a low-pass filter or
a band-pass filter in the signal processing circuit 4 to be
then applied to the subtractive calculation circuit S.
FIG. 3 (a) shows exemplified waveforms E2q and E25,
FIG. 3 (b) shows exemplified waveforms E3a and E35,
and FIG. 3 (c) shows exemplified waveforms E4a and
E4b.

According to the above-mentioned operations, the
outputs E4g and E4b of the signal processing circuit 4
and the outputs ES8A, ES8A’, E8B, and E8B’ of the char-
ge/discharge circuit 8 are subject to a subtractive calcu-
lation processing in the subtractive calculation circuit §
in FIG. 1 to thereby remove the induction components
EA, EA’, EB, and EB’ caused by the currents 1A, 1A',
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1B, and iB’ flowing through the main coils A, A’, B, and
B'.

FIG. 4 shows the output voltages ES8A, ES8A’, ESB,
and E8B’ of the charge/discharge circuit 8 and exempli-
fied waveforms of the output voltages ESA, ESA’, ESB,
and ESB’ of the subtractive calculation circuit § in FIG.
1. The output voltages with the waveforms ESA, ESA’,
ESB, and ESB’ of the subtractive calculation circuit 5
are inputted to the waveform shaping circuit 6.

Then reference is made to the waveform shaping
circuit 6 in FIG. 1.

Firstly the output terminal voltages ESA, ESA’, ESB,
and ESB’ are inputted to the waveform shaping circuit
6 according to the phase relations as shown in FIG. 4.

In the waveform shaping circuit 6, firstly the output
voltages ESA and ESB are converted into pulse wave-
forms with a reference voltage in the positive side while
the outputs ESA’' and ESB’ are converted into pulse
waveforms with a reference voltage in the negative side
by means of a comparator as shown in FIG. 4 (b). The
reason of the above arrangement is that the positive and
negative voltage levels of the input waveforms E4g and
E4b are not always equal to the corresponding voltage
levels of the output waveforms E8A, ES8A’, ES8B, and
E8B’ in the subtractive calculation circuit § in FIG. 1
due to magnetic influence, etc., to therefore permit a
complete subtractive calculation only at the positive
side or the negative side.

The above-mentioned comparator yields pulse wave-
forms ES6A, ES56A', E56B, and E56B’ as shown in FIG.
5 (a).

However, the pulse waveforms ES6A, ES6A’, E56B,
and E56B’' in FIG. § (@) are obtained by pulsing the
output terminal voltages ESA, ESA', ESB, and E5B’ in
FI1G. 4 (b) with the reference voltage either positive or
negative, and therefore the pulse waveforms include
unstable factors to hardly achieve a duty ratio of 50%.
Therefore, by using a J-K flip-flop circuit adopted as a
means for converting them to pulse waveforms each
having a duty ratio of 50%, the pulse waveforms ES6A,
ES6A’, ES6B, and ES6B’ in FIG. 5§ (a) are converted
into pulse waveforms having a duty ratio of 50%.

F1G. 3§ (b) shows the pulse waveforms E6a and E6b
each having a duty ratio of 50%. It is noted that the
waveform E6a is obtained by shaping the waveforms
ES6A and ES6A’ in FIG. 5 (@), while the waveform E6b
is obtained by shaping the waveforms E56B and E56B’
in FIG. 5§ (b). FIG. § (¢) shows a block diagram of the
waveform shaping circuit 6. The pulse waveforms each
having a duty ratio of 50% obtained through the wave-
form shaping operations as described above are used to
diagnose by the diagnosing circuit 7 in FIG. 1 whether
the stepping motor 2 is rotating normally.

By means of an up/down counter, the diagnosing
circuit 7 in FIG. 1 diagnoses whether the motor is rotat-
ing normally. When the motor is rotating normally, a
pulse train of either uprise pulses or downfall pulses
appears. When the motor is in an error condition, both
a pulse train of uprise pulses and a pulse train of down-
fall pulses appear.

FIGS. 6 (a) and 6 (b) show exemplified waveforms
observed when the rotor is rotating normally without
any step-out, while FIGS. 6 (¢) and 6 (d) show exempli-
fied waveforms observed when the rotor steps out, i.e.
the motor is in an error condition. It is noted that wave-
forms E7a and E7b shown in FIG. 6 are the output
waveforms of the diagnosing circuit 7 observed when
the outputs E6a and E6b of the waveform shaping cir-
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8

cuit 6 are inputted to the diagnosing circuit 7. F1G. 7 (a)
shows a practical processing method in the diagnosing
circuit 7, while FIG. 7 (b) shows a block diagram of the
diagnosing circuit 7.

The following describes the control circuit 9’ in FIG.
1.

Firstly the outputs E7a2 and E7b of the diagnosing
circuit 7 are inputted to the control circuit 9' in FIG. 1.
With regard to the outputs E7a and E7b, a pulse train of
either uprise pulses or downfall pulses appears when the
motor is rotating normally as shown in FIGS. 6 (1), 6
(b), 6 (c), and 6 (d), or pulse trains of both uprise pulses
and downfall pulses appear when the motor is in an
error condition. With the above arrangement the step-
out amount is correctly represented by the amount of
output pulses, and therefore, even when a step-out takes
place by any possibility, a normal control can be recov-
ered by carrying out a correcting operation by the step-
out amount. The control circuit 9' in FIG. 1 is the cir-
cuit for carrying out the correcting operation as de-
scribed above, and according to a command from the
control circuit 9, the drive circuit 9 is operated. For
example, a pulse train of a total of two downfall pulses
appears in the output E7b in FIG. 6 (d), which means
that a step-out corresponding to two pulses have taken
place when the motor is normally rotating forward as
compared with the waveforms in FIG. 6 (a). Therefore,
the control circuit 9' transmits a command for rotating
the motor forward further by two pulses to the drive
circuit 9 for correction to thereby correctly control the
stepping motor. Aside from the method of adding for-
ward or reverse steps as described above, there is an-
other control method of holding the stepping motor at
the moment an error signal pulse is entered, which
method can be put in practice easily. The possible step-
out of the motor can be also prevented by detecting the
phase of the output of the diagnosing circuit 7 in the
control circuit 9' and changing the excitation phase or
dispatching a command for increasing or decreasing the
phase current.

According to the first embodiment as described
above, by providing independent detection coils other
than the main coils of the motor, the rotation of the
rotor can be detected in a signal form without using any
external component having a large capacity. The de-
tected signal is used for diagnosing whether the motor is
rotating normally to thereby correct any error such as
step-out of the motor into a normal condition. Further-
more, a closed-loop control can be adopted to prevent
the possible occurrence of step-out. It is also noted that
the charge/discharge circuit 8 may be replaced with a
digital filter to produce the same effect. Also, the char-
ge/discharge circuit 8 may be replaced with a simple
voltage dividing circuit employing a simple resistor
network.

Second Embodiment

The following describes a second embodiment of the
present invention with reference to the drawings.

FIG. 8 shows a drive unit of a stepping motor in
accordance with the second embodiment of the present
invention.

In FIG. 8, a rotation detecting circuit 1 comprises an
output amplifier circuit 3, a signal processing circuit 4,
a subtractive calculation circuit §, a waveform shaping
circuit 6, and a diagnosing circuit 7. What is different
from the construction in FIG. 1 is that the detection
coils a and b which are provided separately from the
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main coils A, A’, B, and B’ of the stator of the stepping
motor 2 for the purpose of detecting terminal voltages
induced in the main coils A, A’ and B, B’ are eliminated.
Note that the output signals EA, EA’, EB, and EB’
vielded from the main coils A, A’, B, and B’ are pro-
cessed through the output amplifier circuit 3, the signal
processing circuit 4, the subtractive calculation circuit
5, the waveform shaping circuit 6, and the diagnosing
circuit 7. Further provided are a charge/discharge cir-
cuit 8, a dnive circuit 9, a power source 10, an applica-
tion voltage component subtractive calculation circuit
13, and a control circuit 9’ built in the drive circuit 9.

The following describes the operations of the rotation
detecting unit having the above-mentioned construc-
tion with reference to FIGS. 1 through 11.

In FIG. 8, firstly the main coils A, A’, B, and B’ are
sequentially excited according to the phase relation as
shown in FIG. 2 to thereby rotate the rotor 2R of the
stepping motor 2 in FIG. 8. When the rotor 2R rotates,
there are yielded output terminal voltages EA, EA’,
EB, and EB’ of the motor 2, which are then outputted
from the main coils A, A’, B, and B’ in signal forms. The
terminal voltages EA, EA’, EB, and EB’ of the motor 2
have signal waveforms as exemplified in FIG. 9 (@). The
signal waveforms of the terminal voltages EA, EA’,
EB, and EB’ contain the combination of induction com-
ponents attributed to the rotor 2R of the stepping motor
2, induction components attributed to currents flowing
through the main coils A, A, B, and B, and the applica-
tion voltage component. Therefore, by removing the
induction components of the currents flowing through
the main coils A, A’, B, and B and the application volt-
age component, only the induction components of the
rotor 2R of the stepping motor 2 remain. In the present
case, merely by subjecting the induction components of
the rotor 2R to a signal processing, a rotation signal of
the motor can be obtained.

The following describes a method of obtaining the
rotation signal.

Firstly, as described above, the output terminal volt-
ages EA, EA’, EB, and EB’ yielded respectively in the
main coils A, A’, B, and B’ in the motor 2 shown in FIG.
8 contain induction components attributed to the rotor
2R of the stepping motor 2, induction components at-
tributed to currents flowing through the main coils A,
A', B, and B, and the application voltage component.
‘Therefore, it is necessary to remove the induction com-
ponents attributed to the currents flowing through the
main coils A, A’, B, and B’ and the application voltage
component. Postulating now that the currents flowing
through the main coils A, A’, B, and B’ are respectively
1A, 1A', 1B, and 1B’ terminal voltage components attrib-
uted to the currents 1A, 1A', 1B, and 1B’ are respectively
Ea, Ea’, Eb, and Eb’, induction components attributed
to the rotor 2R are ERa, ERa’, ERb, and ERD’, and the
application voltage components are VA, VA’, VB, and
VB, the following equations 4 hold. -

EA = Ea + VA + ERa |[Equations 4]
EB = Eb + VB + ERb

EA' = Ed’' + Va' + ERda’

EB' = Eb' + VB + ERVb

K through K4 are constants, and are rate of change in
time of currents iA, iA’, iB, and
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did  diA’ diB diB’
dt ' dr ' dr , and dat
iB'.

Therefore, by forming induction components as same

~as the induction components Ea, Ea’, Eb, and Eb' n

some manner and subtracting the formed induction

components as well as the application voltage compo-
nents VA, VA’, VB, and VB’ from the induction volt-
ages EA, EA’, EB, and EB’ yielded in the aforesaid
main coils A, A’, B, and B’, only the objective induction
components ERa, ERb, ERd’, and ERb’ attributed to
the rotor 2R can be obtained.

In the present case, firstly the power voltage compo-
nents VA, VA', VB, and VB’ applied to the main coils
A, A', B, and B’ are removed by means of the applica-
tion voltage component subtractive calculation circuit
13 in FIG. 8. Exemplified waveforms of the application
voltage components VA, VA', VB, and VB’ are shown
in FIG. 9 (b). The application voltage components can
be obtained easily from the waveform of the power
source 10 in FIG. 8 according to the excitation timing
of each phase line shown in FIG. 2. Therefore, the
application voltage component subtractive calculation
circuit 13 in FIG. 8 forms output waveforms E13A,
E13A’, E13B, and E13B’ as shown in FIG. 9 (¢). Fur-
ther by utilizing the [Equations 4], the following equa-
tions 5 hold.

El134 = EA — VA = FEa + ERa
El3B = EB — VB = Eb + ER}b
El34' = EA' — VA' = Ead' 4+ ERa
Ei3B = EB — VB = Eb + ERV

[Equations 5]

Then ihe induction components Ea, Ea', Eb, and Eb’
caused by the currents flowing through the main coils
A, A', B, and B’ are removed by means of the charge/-
discharge circuit 8 in FIG. 8. In the chargedischarge
circuit 8 in FIG. 8, the peak values of the voltage wave-
forms induced by the currents 1A, 1A’, 1B, and 1B’ flow-
ing through the main coils A, A’, B, and B’ are momen-
tarily held according to the excitation timing in FIG. 2
and then discharged to form waveforms ES8A, ES8A’,
E8B, and E8B’' of which waveforms correspond to
those of the induction components caused by the cur-
rents 1A, 1A', 1B, and iB’ flowing through the main coils
A, A’, B, and B’ to be therefore utilized to remove the
above-mentioned induction components. In other

words, the following equations are applied to the unit in
FIG. &.

diA [Equations 6]

E8A=KsT

where Ks through Kg are constants, and are rate of
change in time of currents iA, iA’, iB, and

ERA’ = K2
5‘33=K7£;%
B8 = Ky LB
did did' diB diB
a0 dr o dr o wd g

iB"
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Therefore by selecting the appropriate constants K1
through K8 from the [Equations 4] and [Equations 6],
the induction components Ea, Ea’, Eb, and Eb’ caused

by the currents iA, iA’, iB, and iB’ flowing through the

main coils A, A’, B, and B’ can be removed by means of 5

the charge/discharge circuit 8 in FIG. 8. In more detail,
postulating now that the constants K1 through K8 have
the relations of K1=KS5, K2=K6, K3=K7, and
K4=KS8 in the [Equations 4] and [Equations 6], the

following equations hold.
Ea — E384 = 0 [Equations 7]
Ea' — E8A' =0
Eb — E8B =0
Eb' — E3F =0

where K1=KS, K2 K6, K3 K7, and K4=KS8 in the
[Equations 4] and [Equations 6].

Then the following describes a method of selecting
the appropriate constants in the [Equations 4] and
[Equations 6].

Note that the constants in the [Equations 4] and
[Equations 6] have dispersions depending on the motor
and the constants in the charge/discharge circuit 8 in
F1G. 8 have dispersions as well and that a consideration
must be taken for the possible entrance of such as a noise
signal other than the fundamental signals. In order to
absorb the dispersions of the constants depending on the
stepping motor 2 and the charge/discharge circuit 8 in
FIG. 8, the voltage levels of the output waveforms
E13a, E134', E13b, and E13}’ of the application voltage
component subtractive calculation circuit 13 are ad-
justed by the output amplifier circuit 3 to be respec-
tively E3a, E3a’, E3b, and E3b’, and thereafter further
changed respectively into signals E4a, E4a’, E4b, and
E4b’ through removal of noise components and the like
by means of, for example, a low-pass filter or a band-
pass filter in the signal processing circuit 4 to be then
inputted to the subtractive calculation circuit 5. FIG. 10
(a) shows exemplified waveforms E13a, E134', E135,
and E13b', FIGS. 10 () shows exemplified waveforms
E3a, E3a’, E3b, and E3b’, and FIG. 10 (¢) shows exem-
plified waveforms Ed4a, E4d’', E4b, and E4b.

According to the above-mentioned operations, the
outputs Eda, Eda’, E4b, and E4b’ of the signal process-
Iing circuit 4 and the outputs ES8A, ESA’, E8B, and ESB’
of the charge/discharge circuit 8 are subject to a sub-
tractive calculation processing in the subtractive calcu-
lation circuit § in FIG. 8, thereby enabling to remove
the induction components Ea, Ea’, Eb, and Eb’ caused
by the currents 1A, 1A/, iB, and 1B’ flowing through the
main coils A, A’, B, and B’ as well as to remove the
application voltage components VA, VA’, VB, and
VB’

FIG. 11 shows the outputs ES8A, E8A’, E8B, and
E8B’ of the charge/discharge circuit 8 and the output
waveforms ESA, ESA’, ESB, and ESB’ of the subtrac-
tive calculation circuit § in FIG. 8. The output voltages
with the waveforms ESA, ESA’, ESB, and E5SB’ of the
subtractive calculation circuit 5 are inputted to the
waveform shaping circuit 6.

Then reference is made to the waveform shaping
circuit 6 in FIG. 8.

Firstly, the output induction voltages ESA, ESA’,
ESB, and ESB’ of the subtractive calculation circuit 5
are inputted to the waveform shaping circuit 6 with the
phase relations as shown in FIG. 11 (b).

In the waveform shaping circuit 6, firstly the above-
mentioned voltages are converted into pulse waveforms
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with corresponding reference voltages by means of a
comparator as shown in FIG. 11 (b). The puise wave-
forms converted by the comparator are E56A, ES6A’,
ES6B, and ES6B' in FIG. § (a) described with regard to
the first embodiment. Therefore, it is a matter of course
that the outputs of the waveform shaping circuit 6 and
the diagnosing circuit 7 are similar to those in the first
embodiment.

According to the second embodiment as described
above, a signal representative of the rotation of the
rotor can be detected to diagnose whether the motar i1s
rotating normally without using any further detection
coil separately from the main coils of the motor nor any
external component having a large capacity. It 1s a mat-
ter of course that a replacement of the charge/discharge
circuit 8 with a digital filter produces the same efiect.
Also, the charge/discharge circuit 8 can be replaced
with a simple voltage dividing circuit employing a sim-
ple resistor network.

The present invention provides the following specific
advantageous effects.

Firstly, a signal representative of the rotation of the
objective stepping motor to be controlled can be de-
tected without using any external sensor such as an
encoder or a potentiometer or external component such
as a transformer having a comparatively large current
capacity. The above leads to an advantage in cost as
well as reduction in size and weight in addition to the
efifect in function that the present unit is free of hystere-
sis characteristic and the like which is fatal in using a
sensor. Regarding the anti-environmental properties,
the present unit achieves an advantageous rotation de-
tection to realize a superior control of a stepping motor.

Furthermore, a charge/discharge circuit is used as a
waveform processing means together with an output
amplifier circuit to flexibly cope with the possible dis-
persions of the constants depending on the motor and
formed current.

Therefore, in the case of applying the present step-
ping motor drive unit to, for example, a suspension
control system in an automobile, there can be expected
a superior effect such as preventing the automobile
from entering into a dangerous condition where the
automobile looses its balance due to step-out of a motor.
The same effect as above can be also expected when the
present unit i1s applied to a four-wheel steering system,
an engine control system, a power steering system, and
the like in the field of automobiles. It is also promising
to apply the present unit to a field of information equip-
ments such as a sheet feeding controller in a printer or
household equipments such as an air conditioner and
video tape recorder, leading to an advantageous effect
of reduction in size and weight of the motor employed
therein and reduction in energy consumption for oper-
ating the apparatuses.

Although the present invention has been fully de-
scribed by way of examples with reference to the ac-
companying drawings, it is to be noted here that various
changes and modifications will be apparent to those
skilled in the art. Therefore, unless otherwise such
changes and modifications depart from the scope of the
present invention as described by the appended claims,
they should be constructed as included therein.

What is claimed is:

1. A drive unit for driving a stepping motor compris-
ing:
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main coil means provided at a stator of the stepping

motor;

rotation detecting coil means for detecting terminal

voltages of the stepping motor yielded in said main
coil means and producing an output;
means for generating voltage waveforms correspond-
ing to the induction components caused by the
currents flowing through said main coil means;

subtractive calculation means for subtracting the
voltage waveforms from said output of said rota-
tion detecting coil means and for producing an
output; and |

dnive circuit means for driving the stepping motor as

a function of the subtractive calculation means
output.

2. The drive unit for driving a stepping motor accord-
ing to claim 1, wherein said main coil means in the
stepping motor has at least one phase line and said
means for generating voltage waveforms is provided on
said at least one phase line of said main coil means in the
stepping motor.

3. The drive unit for driving a stepping motor accord-
ing to claim 2, further comprising amplifier means for
amplifying the output of said means for generating volt-
age waveforms provided on said at least one phase line
of said main coil means in the stepping motor.

4. The drive unit for driving a stepping motor accord-
ing to claim 2 or 3, further comprising signal processing
means for processing any output signal of said subtrac-
tive calculation means, said rotation detecting coil
means, or said means for generating voltage waveforms

through a filter means.

S. The drive unit for driving a stepping motor accord-
ing to claim 4, further comprising waveform shaping
means for shaping a waveform of an output of said
signal processing means through comparator means.

6. The drive unit for driving a stepping motor accord-
ing to claim §, further comprising diagnosing means for
diagnosing whether the stepping motor is normally
rotating by detecting the pulse amount and pulse timing

of an output of said waveform shaping means, and con-

trol means for controlling the stepping motor to rotate

14

forward rotate reverse, or hold, or effecting change-

- over of excitation phase, increasing or decreasing phase
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7. A drive unit for driving a stepping motor without
using rotation detecting coil means, comprising:

main coil means provided at a stator of the stepping

motor; for producing an output
means for generating voltage waveforms correspond-
ing to the induction components caused by the
currents flowing through said main coil means;

application voltage subtractive calculation mears for
subtracting a voltage applied to the stepping motor
from an output of said main coil means and produc-
ing an output;

subtractive calculation means for subtracting the

voltage waveforms from said output of said appli-
cation voltage subtractive calculation means and
for producing an output; and

drive circuit means for driving the stepping motor as

a function of the subtractive calculation means
output. |

8. The drive unit for driving a stepping motor accord-
ing to claim 6, wherein said means for generating volt-
age waveforms comprises a voltage peak detecting
circuit operating in conformity with the application
timing of pulses for controlling the stepping motor.

9. The drive unit for driving a stepping motor accord-
ing to claim 6, wherein said means for generating volt-
age waveforms comprises a simple voltage dividing
circuit having a simple resistor network.

10. The drive unit for driving a stepping motor ac-
cording to claim 7, wherein said means for generating
voltage waveforms i1s constructed by a voltage peak

“detecting circuit operating in conformity with the appli-

cation timing of pulses for controlling the stepping mo-

- tor.
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11. The drive unit for driving a stepping motor ac-
cording to claim 7, wherein said means for generating
voltage waveforms is constructed by a simple voltage

dividing circuit employing a simple resistor network.
| X % ¥ x =
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